Dentists should have the basic essential skills and knowledge about forensic odontology, to better collaborate with law enforcement and investigations. The objective of this survey was to assess the perceived and actual knowledge toward forensic odontology among dentists and to question their willingness to attend training courses on this specialty. A cross-sectional survey based on a self-administered questionnaire was conducted in various districts of Saudi Arabia. Four hundred dentists responded to a questionnaire that tested their actual knowledge of forensic odontology based on answering 15 statements using the alternatives correct, incorrect, do not know. The perceived knowledge was registered as strongly agree, agree, neutral, disagree, and strongly disagree, then assigned scores respectively from four to zero. A willingness to attend a training course in the future was recorded by (yes/no).
Forensic odontology is a branch of dentistry that applies dental knowledge to criminal and civil law enforcement through the examination of dental evidence (Gambhir, Singh, Talwar, Gambhir, & Munjal, 2016) .
Forensic odontologists play a significant role through the examination of anatomical structures, dental appliances, and dental restorations (Gambhir et al., 2016; Srinivasa, Sujatha, Sivakumar, & Muruganandhan, 2012) . Because the integration of forensic odontology into forensic medicine in the past few decades, dentists have assisted in the identification of human remains, assessment of bite-mark injuries, estimation of age, and investigation of suspected social abuse (children, spouses, or elders; Jyothi, Bhanu, Bhaskar, Kumar, & Sujith, 2017) .
It has been recommended that dental practitioners should have the necessary skills and knowledge about forensic odontology, such as handling dental records, bite-mark examination, teeth-pulp DNA analysis, radiographs, teeth morphology, and anatomy (Stavrianos, Kokkas, Andrepuolos, & Eliades, 2010) . In cases where a fingerprint record or physical identification is missing, the responsibility shifts to dental practitioners to contribute in crime investigations (Singh, Gowhar, Ain, & Sultan, 2014) . One approach is to perform lip print analysis, which has a unique wrinkle pattern and characteristics that can lead to the identification of an individual. This science is called cheiloscopy, a forensic investigation technique that deals with identification of people based on lips traces (Dineshshankar, Ganapathi, Kumar, Aravindhan, & Maheswaran, 2013) . Forensic odontologists also assess dental records to investigate the identity of unknown person's identity. For example, they compare the dental data of a missing individual (antemortem) with that of a deceased person (postmortem; Interpol, n.d.) .
Despite the significance of this field in criminal justice, the literature indicates that forensic odontology is underdeveloped in many countries and steps are needed to improve the use of this science (Kumar & Dagli, 2014) . For instance, in the United States, four organizations are dedicated to forensic odontology: the Bureau of Legal Dentistry, the American Board of Forensic Odontology, the American Society of Forensic Odontology, and the International Organization for Forensic Odonto-Stomatology (Colvard et al., 2016) . Other countries, such as the United Kingdom and Australia, have realized its significance and established the British Association for Forensic Odontology and the Australian Society of Forensic Odontology (Colvard et al., 2016) . Dental practitioners' knowledge needs to be evaluated and then improved, if necessary, by mandating courses on forensic odontology and engagement in investigating cases to improve their hands-on expertise. Skilled dentists with expertise in forensic odontology are in continuous demand (Singh et al., 2014) . The aim of this study was to assess the level of knowledge toward forensic odontology among Saudi dentists and to question their willingness to attend training courses related to this dental speciality.
| MATERIALS AND METHODS
A cross-sectional study was conducted between July and August 2017, using a self-administrated anonymous survey distributed by convenience among dentists working in various districts of Saudi Arabia. Ethical approval to conduct this study was issued by the Institutional Review Board (RSS 17/010) at King Abdullah International Medical Research Center, Ministry of National Guard Health Affairs.
Students of dentistry were excluded. The participation in the survey was voluntary, verbal consent was obtained, and the confidentiality of the participants was maintained by the data collectors.
The participants were invited to provide information about their gender, age, years of clinical experience, level of education, work sector (private or governmental), and whether they had attended forensic odontology course in the past and/or whether they had provided any bite-mark consultations. Their actual knowledge on forensic odontology was appraised by evaluating their responses for 15 statements, sourced from published literature (Ali, Sardar, Nasir, & Wakar, 2016; Bhakhri, Kaur, Singh, Puri, & Puri, 2017; Sahni, Rehani, Mathias, Kardam, & Nagpal, 2016) , with three alternative responses, that is, correct, wrong, or do not know. One additional question was their perceived level of knowledge, with answers rated on a 5-point Likert scale (strongly disagree, disagree, neutral, agree, and strongly agree). 
Key Points
• The concept of comparing the perceived versus the actual knowledge about forensic odontology has been seldom studied.
• A gap between the perceived and actual knowledge can be either due to misconception or a low degree of selfconfidence; in this setting, it indicated poor selfconfidence.
• The level of knowledge about forensic odontology among dentists in Saudi Arabia was moderate to low.
• Optimal desired knowledge is an ultimate goal that will not be achieved unless researchers measure the willingness of dentists to attain specialized training programs.
• Special consideration should be made for less educated dentists (bachelor degree), less experienced (<2 years) dentists, and those working in private clinics as they tend to have poorer knowledge.
across various exposures. Two linear regression analysis models were constructed to identify factors associated with higher perceived and actual knowledge. One logistic regression analysis model was constructed to identify exposures associated with the dentists' willingness to attend training courses in forensic odontology. Statistical significance was set at P < 0.05.
| RESULTS
A total of 360 dentists participated in this study (response rate, 89%).
Almost equal gender distribution was observed. Those with age <30 years were 205 (56.9%), whereas those ≥30 were 155 (43.1%), mean ± SD of age (30.5 ± 6.8 years Two linear and one logistic regression models were constructed to identify factors significantly associated with higher perceived and actual knowledge, as well as the dentists' willingness to attend a forensic odontology course, Table 3 . Previously attending a course or *Statistically significant at P < 0.05.
FIGURE 1 Perceived knowledge of forensic odontology between the subgroups
providing a consultation on a bite mark were both significantly associated factors with higher perceived knowledge (adjusted P < 0.001 and adjusted P = 0.001, respectively). Previously attending a course was a significantly associated factor with higher actual knowledge, adjusted P = 0.015. Younger age among dentists was a significantly associated factor (adjusted odds ratio = 0.91; 95% CI [0.82-0.99]) with willingness to attend future forensic odontology courses compared with older age dentists, adjusted P = 0.036 (Table 3) .
| DISCUSSION AND RECOMMENDATIONS
An important finding in this study is that 24.4% of the study participants demonstrated poor and 53.1%, an average knowledge of forensic odontology. Generally, the level of actual knowledge among dentists was moderately low, whereas their perceived knowledge was considered lower. A gap between the perceived and actual knowledge can be either due to misconception or a low degree of selfconfidence. The knowledge gap of dentists in this setting was wide.
Forensic odontology is based on guidelines and protocols to assist dentists in assessment and decision-making (Vermylen, 2006) . Accordingly, education and training are offered to reach the optimal desired knowledge. Achieving an optimal knowledge about forensic odontology will not be predicted unless researchers measure their willingness to attain specialized training programs. In this study, dentists who previously attended educational offerings on forensic odontology had significantly higher levels of actual and perceived knowledge, which is a logic finding. However, the focus should be on the alarming finding that the majority of dentists in this study (73.6%) have not received such courses. The optimal knowledge should be at higher levels, as crime investigators and emergency health-care practitioners often rely on dentists' expertise to evaluate and analyze potentially incriminating dental evidence.
Previous studies have advised dentists to be extra vigilant and suspicious when dealing with victims of abuse, as domestic violence is often underrecognized or underreported (Lincoln & Lincoln, 2010) .
In this study, the majority of dentists agreed that forensic odontology aids in identifying physical abuse. For instance, intimate partner violence that might involve bite marks often requires a professional dental consultation, yet, in this study, only 36.4% acknowledged this fact (Sawyer, Coles, Williams, & Williams, 2016) . Thus, dentists are required to possess a critical eye and expert skills when a forensic consultation is sought by legal authorities (Ahmed & Naidoo, 2017) . A survey among forensic dentists showed that the majority (91%) of respondents believed that human dentition is distinctive and that 78% of bite marks on skin can be analyzed. Active involvement of dentists in protection teams of abuse or neglect victims is always beneficial and can lead to early intervention (Sujatha, Sivakumar, & Saraswathi, 2010) . In this study, only 20.6% confirmed that forensic odontology can help confirm child neglect. In one of the gulf countries, a survey was conducted among dentists to recognize child abuse as well as the factors that may prevent them from reporting. Although 25% of dentists reported at least one encounter with a suspected child-abuse case, only 32% of them reported their finding. This study also recommended specialized training to enhance the dentists' capability in diagnosing and reporting suspected child-abuse cases (AlAmad, Awad, Al-Farsi, & Elkhaled, 2016) . A systematic review paper revealed that the majority of dentists had insufficient knowledge on detecting domestic violence cases, which was received in their undergraduate courses (Rodrigues, Lima, Nagata, et al., 2016) . Another study emphasized on the importance of providing forensic education as part of the dentistry academic curricula, followed by proper training so that dentists become competent in the detection and management of domestic violence victims (Sawyer et al., 2016) . In this study, the knowledge of dentists was moderately low, as poorer knowledge was found to be associated with less educated dentists. However, dentists who previously provided a consultation on a bite-mark victim thought they had better knowledge about forensics, yet their actual knowledge was less than those who never provided such consultation.
Forensic odontology is indeed recognized to be one the most consistent scientific methods in disasters (De, 2009 ). For instance, teeth are well-known to be resilient to various types of circumstances such as chemical attacks, burning, burial, submersion, and traumas, to certain degrees that human identification can be still possible (Pretty, 2007) . During natural disasters, wars, or annual pilgrimages, forensic odontologists are capable of playing active roles within a diverse disaster management team including the police, army, and national guards. In cases where the body or remains of a person remain unidentified, a certain degree of psychological trauma will affect both family members and friends, and by rapidly evaluating reliable dental evidence, dentists are capable of confirming a positive human identification (Funaro, 2006) . Although no two individual rugae patterns are alike in their configuration, only 51.9% of dentists in this study acknowledged this fact (Poojya, Shruthi, Rajashekar, & Kaimal, 2015) .
Majority of the dentists in this study admitted that DNA is indeed the most accurate method for identification followed by dental pattern analyses. Therefore, a team of well-educated and trained forensic odontologists shall be readily accessible at all times.
The need for well-established dental records is immense once a person goes missing for a long time. For instance, more than 84,000
cases of missing individuals have been reported in 2013 in the United
States, of which at least 8,000 unidentified persons were enlisted in the National Crime Information Center database (Riley, 2014) . A high level of cooperation has been requested by law enforcement from dentists to match the lines of unresolved cold cases. Getting a forensic dental consultation tends to be the last conventional resort in postmortem identification (Cardoza & Wood, 2015) .
The empirical role of forensic odontologists in disaster management and victim identification is fulfilled by maintaining wellstructured, comprehensive, and accurate dental records for both teaching and research purposes, as well as for legal matters (Dutta, Singh, Passi, Varghese, & Sharma, 2016) . Another study strongly recommended mandatory quality dental records that are both efficiently stored and easily accessible, especially in high-risk groups such as the military populations (Guimarães et al., n.d.). The knowledge related to maintaining dental records for forensic and medicolegal purposes could be insufficient indicating a need for both proper education and training and the need for further training (Gupta, Mishra, Bhutani, Hoshing, & Bhalla, 2016) . One comparative study assessed the accuracy level between the dental records between private and academic teaching hospitals and showed that students are more likely to be accurate and aware about medicolegal aspects of maintaining dental records rather than dentists in private clinics. In this study, dentists in government sector indeed had better actual knowledge compared with dentists working in private sector.
| LIMITATIONS
The A certain degree of response bias might have occurred when dentists were questioned about their willingness to attend a course, which might have influenced their perceived knowledge. This was controlled by ensuring that the survey was anonymous. Due to the fact that this was a cross-sectional survey, the relationship between exposures and outcomes is accounted as general association rather than causation. Due to the fact that it was based on a selfadministered survey, a certain degree of recall bias can be present too such as attending course about forensic odontology and analyzing a bite mark in the past. Recruitment of participants was mainly from the capital city of Saudi Arabia, which might be prone to selection bias, but authors do not believe responses would have varied in comparison with dentists in other districts of Saudi Arabia. Despite all these limitations, this study highlights a major gap in the Saudi dental academic curriculum that manifested itself in a poor selfconfidence and a modest level knowledge about forensic odontology among Saudi dentists.
| CONCLUSIONS
The level of knowledge about forensic odontology among dentists in Saudi Arabia was moderate to low. The gap between the perceived and actual knowledge signifies a low self-confidence in the personal knowledge on this aspect. Although a lack of previous practical experience was present, a strong willingness was observed to pursue further education and training about forensic odontology, especially among younger dentists. Special consideration should be made for less educated (bachelor degree), less experienced (<2 years) dentists, and those working in private clinics as they tend to have poorer knowledge. 
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